Orbiter-Canard Solution Generation . . .. "* Landing speeds have increased due to weight growth.
"* The elevons are sized for low dynamic pressures. When maneuvering at low speeds with such large control surfaces that significantly change wing camber, large initial forces opposite to those commanded by the pilot can be encountered.
"* When maneuvering at high angles of attack during the hypersonic portion of re-entry, required elevon deflections can be high (25 degrees) . This deflection can severely limit the allowable outboard elevon control power for roll control.
Control can be especially difficult during the Glide-Return-to-Landing-Site (GRTLS) phase of flight.
"* Currently the Reaction Control System (RCS) is employed well into the aerodynamic phase of flight limiting the amount of allowable on-orbit use of the system.
All of these, in one way or another, limit the capability of the Orbiter. A properly designed canard control surface may provide a relief to these problems.
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The objective of this study is to design an effective control canard to provide enhanced controllability throughout the flight regime. This design will be done by sizing There are several potential problems associated with attempting to employ a canard on the current configuration.
The added weight, forward of the center of gravity, tends to be self-defeating unless the canard has low weight and performs efficiently to provide the maximum pitching moment 9 for minimum weight. degrees, Alt=135,000 ft, q=119 psf) and the pre-landing condition (M=0.3, a=12 degrees, Alt=2000 ft, q=122 psf).
GRTLS Case
The requirement used for the GRTLS condition was to relax the required elevon deflection from 26 to 20 degrees.
The required restoring nose-up pitching moment is equivalent to that created by the decrease in elevon deflection as well as the increase in nose-down moment associated with the added weight of the canard forward of the center of gravity. The required pitching moment is given by:
where It should be stressed that these data are not an estimation, but the extreme of an uncertainty band around the data base of measured derivatives provided in the OADB. Using these parameters, a moment of 104,600 ft-lb was calculated.
Originally, DATCOM was consulted to provide the "best guess" of the aerodynamic performance of the canard in the GRTLS case with the realization that the method is considered inaccurate above M=5.0. After further research, Newtonian Impact theory appeared to be the more correct approach because of its ability to account for local surface slope compared to degrees, a shock stand off distance of 20 ft was estimated.
As a safety factor, the allowable span of the canard for the GRTLS fight condition was set at 12 feet. The challenge then became how to get the required canard surface area inside the proposed bow shock.
Pre-Landing Case
For the pre-landing case, the requirements for the canard were:
13 "* Trim out the nose-down pitching moment associated with a 10 degree drooping of the elevons.
"* Trim out the added weight of the canard forward of the center of gravity.
"* Provide an additional 0.15 rad/sec 2 pitch rate authority to provide improved pilot handling qualities.
For initial sizing calculations, a desired CL of 1.6 was used. This value for CL was chosen as a medium and was thought to be an achievable value for a geometry of this for the remainder of the study.
C. CONFIGURATION DEVELOPMENT

Configuration Iterations
Several configurations were considered to meet the requirements set forth in the previous section. These options ranged from a constant-geometry, external canard to a fullyretractable device to be deployed only when required and to be stowed fully inside the Orbiter when not in use. 
Airfoil Selection
As airfoil selection was not the thrust of this study, airfoils for the canard glove and extension were chosen based on existing data without an in-depth study being performed to consider their being optimum for this case. 
Volume Grid Generation
Once a suitable surface grid was generated, the 
Collar Grid Generation
Collar grids provide a smooth means of communication between two intersecting geometries. Collar grids were generated for the intersection of the glove and Orbiter and for the joining of the glove and NLF extension. The collar grids were generated in three steps. The OVERFLOW code was chosen for its ability to solve flows over complex geometries and versatility in turbulence modeling.
Baseline Solution Generation
The solution for the baseline Orbiter without a canard was generated for comparison. The baseline case also provided a familiarization with the OVERFLOW code and its input and output data file formats. 
2.
Orbiter-Canard Solution Generation
Once a solution for the baseline was achieved, work was begun on the advancement of the Orbiter-Canard solution.
The 
Force and Moment Data Extraction
The OVERFLOW code provides the forces and moments for 
IV. RESULTS
A.
COMPUTATIONAL GRID
The volume grids for the Glove and NLF Extension required extensive post-processing to make them computationally correct 
C. FORCE AND MOMENT RESULTS
The OVERFLOW output file provided the force and moment data due to pressure and friction for the surface of each grid individually.
Once the force and moment data no longer 33 significantly varied with successive iterations, the coefficients of lift, drag and side force were extracted and the forces on the glove and NLF extension were calculated.
The resulting nose-up moment transmitted to the Orbiter, using the half-chord as the center of pressure, was calculated to be 268,300 ft-lbs. This appears to be a reasonable result considering that the canard was originally sized to produce a moment of 104,600 ft-lbs and was to be deflected down 25 degrees giving it a local angle of attack of 25 degrees. This moment would allow the elevons to be deflected down to 10.62 degrees from the present 26 degrees. If the elevons were deflected down to only 20 degrees as previously suggested, the additional moment could be used to relax the center of gravity requirement forward 10.3" to X,=1807.4". 2 In fact, the glove alone at 50 degrees angle ot attack provided 104,000 ft-lbs.
This moment is just short of the 104,600 needed to relax the elevon deflection to 20 degrees. A more extensive analysis should be done throughout the flight envelope to ensure that the canard will perform to expectations. The force data should be incorporated into the software for the Vertical Motion Simulator (VMS) at NASA Ames to obtain pilot handling quality ratings for the chosen flight regimes. The Pre-Landing case solution should be generated to verify the required areas calculated in this report. This case can be compared with experimental results much more readily.
A higher Mach number case should be run as well to 35 determine whether the glove will be fully contained within the bow shock when heat transfer is the main concern.
A boundary condition to account for the grid topology employed here should be written as an option in the OVERFLOW code. This addition to the code would quicken convergence rates for such geometries.
